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Ozet

Amag: Bir yenidogan yogun bakim tnitesindeki kan akimi enfeksiyonlarinin
dagilimini ve etken organizmalarin antimikrobiyal duyarhligini belirlemek. Ge-
re¢ ve Yontem: Tirkiye Giineydogu Anadolu Bolgesindeki Diyarbakir Kadin
Dogum ve Cocuk Hastanesi yenidogan yogun bakim initesinde Mart 2011-
Mart 2014 tarihleri arasinda kan kiiltir pozitifligi olan hastane kaynakl sep-
sis tanil yenidoganlar geriye donuk olarak degerlendirildi. Bulgular: 142 yeni-
dogan bebekte toplam 148 etken izole edildi. En yaygin izole edilen mikroor-
ganizmalar Klebsiella pneumoniae (%40.5) ve bir hastane salgini sonucu ola-
rak Acinetobacter baumannii (%29.7) idi. izole edilen K. Pneumoniae tiirleri-
nin %20’si, A.baumannii tirlerinin ise %93.2’si coklu-ilag direnci olan tiirler-
di. Sepsis-iliskili mortalite orani, coklu-ilag direnci olan tiirlerle enfekte olgu-
larda, coklu-ilag direnci olmayan tiirlerle (kandida haric) enfekte olgulardan
daha fazlaydi (%24’ karsi %9.7, p=0.032). Tartisma: Unitemizde, kan akimi
enfeksiyonlari daha ¢ok gram negatif bakteri kaynakliydi. Coklu-ilag direnci
olan tiirlerin neden oldugu kan akimi enfeksiyonlari, daha yiiksek sepsis-iliskili
mortalite orani ile birliktedir.
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Abstract

Aim: To determine the pattern of bloodstream infections (BSls) and antimi-
crobial susceptibility of pathogens in a neonatal intensive care unit (NICU).
Material and Method: Positive hemoculture of neonates diagnosed with nos-
ocomial sepsis from March 2011 to March 2014 in the NICU of Diyarbakir
Maternity and Children’s Hospital, in the southeastern region of Anatolia,
Turkey, were retrospectively reviewed. Results: A total of 148 pathogens
were isolated in 142 neonates. The most common microorganisms isolated
were Klebsiella pneumoniae (40.5%) and Acinetobacter baumannii (29.7%)
which was a result of a hospital outbreak. Multi-drug resistant (MDR) strains
accounted for 20.0% of K. pneumoniae isolates and 93.2% of A. baumannii
isolates. The sepsis-attributable mortality rate was higher in cases infected
with MDR strains than in cases infected without MDR strains or Candida spp
(24% vs. 9.7%, p=0.032). Discussion: In our unit, BSIs were more often caused
by Gram negative bacteria. BSls caused by MDR strains were associated with
a higher rate of sepsis-attributable mortality.
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Introduction

Nosocomial infection is a common complication in hospitalized
patients, and is an important cause of morbidity and mortality
in neonatal intensive care units (NICUs) [1,2]. The incidence of
nosocomial infection varies between 18% and 50% [3-7] and
accounts for as much as 40% of neonatal deaths in developing
countries [2,5,6]. In a survey of 16 centers, conducted by the
Turkish Neonatal Society, it was reported that the incidence of
nosocomial sepsis varied from 2.1% to 17%, and sepsis-related
mortality was approximately 24% [8].

Bloodstream infections (BSls) were the single most important
type of infection because of their high frequency and poten-
tially life-threatening consequences [3,5,7]. The variety and the
antimicrobial sensitivity of the microorganism causing sepsis
can vary among NICUs and it can also change over time for
the same unit [7-9]. The identification of the microorganisms
and their antibiotic susceptibility is essential for determining an
empirical antibiotic treatment and the appropriate antibiotic. In
this study we have evaluated the distribution rate and antibiotic
sensitivity of the pathogenic microorganisms growing in blood
cultures in our NICU.

Material and Method

Setting: The NICU at Diyarbakir Maternity and Children’s Hospi-
tal, at which 20,000 deliveries occur yearly, is one of the largest
hospitals in the southeastern region of Anatolia in Turkey. It
is supplied with 25 tertiary level, 35 secondary level, and 10
primary level beds. The unit usually receives newborns from the
obstetric department. Two neonatologists work during the day
(unfortunately there was no sustained neonatologist during the
first year of the study period) and one pediatrist works at night.
A trained infection control nurse is available on the unit at all
times with an average of 1 nurse for 6-7 neonates. Automatic
preparation of total parenteral nutrition has also been available
as of the year 2012.

Study Design: This retrospective study was performed on data
gathered between March 2011 and March 2014. All blood cul-
ture positive cases were selected and their records evaluated in
terms of sepsis criteria, gestational age, age at onset, gender,
birth weight, and microorganism and antimicrobial susceptibili-
ties. Clinical data were analyzed by episodes, which were defined
as distinct periods of clinical illness in association with positive
blood cultures. Patients who had no infection and/or were not in
the incubation period at presentation and who developed blood
stream infection 72 hours after hospitalization were eligible for
inclusion. Patients who died or were discharged from the NICU
within the first 48 hours or who had perinatal or community-
acquired infections or recurrent admissions were excluded from
the study.

Definitions: BSI was defined as isolation of at least one positive
peripheral-blood culture, except for coagulase-negative staphy-
lococcus, for which isolation of two positive blood cultures was
required [10]. Sepsis was determined by previous described cri-
teria [9-11]. A C-reactive protein (CRP) value of >1 mg/dl was
considered to be significant [10]. Multi-drug resistant (MDR)
strains were defined as those resistant to at least 1 agent in
>3 of the following antimicrobial categories: carbapenems
(imipenem and meropenem), penicillins (piperacillin, ticarcillin,

and piperacillin/tazobactam), third-generation cephalosporins
(ceftazidime and cefotaxime), aminoglycosides (amikacin), and
fluorquinolones [12]. Sepsis attributable mortality (SAM) was
defined as a patient who expired within 7 days after onset of
sepsis, those who died of infectious complications, or clinically
progressive deterioration following BSI [12].

Microbiological Methods: Hemoculture is taken under sterile
conditions using sterile gloves and cloths. The blood culture sys-
tem is Bactec 9240 (Becton Disckinson, USA), and the volume
of blood taken for each culture is at least 0.5 mL but usually
1.0 mL. When Bacillus, Coryneobacterium, and coagulase nega-
tive staphylococcus (CNS) are cultured without clinical findings,
contamination is considered to be present [4]. Bacteria identifi-
cation and antimicrobial susceptibility testing were performed
using a BD Phoenix Automated Microbiology System (BD Diag-
nostic Systems, Sparks, MD) according to the manufacturer’s
recommendations. The extended-spectrum B-lactamase (ESBL)
production was confirmed by the Double-Disc Synergy Test ac-
cording to Clinical Laboratory Standards Institute (CLSI) 2010
guidelines. Carbapenem resistance was confirmed with a modi-
fied Hodge test.

Statistical Analysis: Statistical Package for the Social Sci-
ences (SPSS) for Windows 17.0 program was used for statisti-
cal analysis of the results obtained in the study. Demographic
properties in the study were assessed by “descriptive” statisti-
cal analysis. Chi-square and Fisher’s exact chi-square test were
used for categorical variables. Mann-Whitney U test was used
for continous variables. P <0.05 was considered statistically
significant.

Results

Of 5166 patients admitted to NICU during this study period,
982 were excluded for the reasons described above. Given the
overall cohort of 4184 neonates, 246 (5.9%) infants developed
clinical signs of sepsis. Sepsis was confirmed by blood culture
as BSl in only 142 (67.6%) neonates with a total of 148 epi-
sodes. Total length of hospital stay in the NICU was 45.080
days, and the incidence rate of BSI in our NICU was 3.28 case
episodes per 1000 hospital days. The distribution of episodes
according to year is shown in Figure 1.

Numberof episodes

Sept 2011 March 2012 March 2014

Sept 2012 March 2013
Date

Sept 2013

Figure 1. Distribution of episodes in 6-month intervals between March
2011-March 2014

Demographic characteristics of the patients with positive he-
moculture are shown in Table 1. BSI rate distribution did not
differ among cases with birth weight < 1500 g and higher (p =
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0.18). According to day of infection onset, there was not a sig-
nificant difference between the two groups of cases with birth
weight < 1500 g or higher (p =0.32). At the beginning of infec-
tion, CRP was negative in 51 (34.5%) patients.

Table 1. Baseline and demographic characteristics and outcome of cases
(n=148)

Characteristic No (%)
Birth weight, mean (min-max), g 1693 (520-4400)
Birth weight (<1500 g) 82 (55.4)
Gestational age, mean (min-max), wk 33.0 (24-40)
Age at onset of infection, mean (min-max), d 23 (4-115)
Male 70 (47.3)
Inborn 130 (87.8)
Cesarean delivery 86 (58.1)
Low Apgar score at 5 min (<7) 38 (25.7)
Major congenital anomalies 8 (5.4)
Neurologic disorders (congenital or acquired) 9(6.1)
Previous cardiopulmonary resuscitation 8 (5.4)
Previous antibiotic exposure (within 1T month)

Third-generation cephalosporin 28 (18.9)

Carbapenem 13 (8.8)
Invasive mechanical ventilation (within 1 week) 98 (66.2)
Use of total parenteral nutrition 96 (64.9)
Use of central venous catheter (within 1 week) 26 (17.6)
Exchange transfusion 7(4.7)
Thorax tube 5(3.4)
Outcome t

Discharged alive 98 (69.0)

Died in the first week of infection 25(17.6)

tn=142

Table 2. Pathogens isolated in 148 cases of bloodstream infection

Pathogens No (%)
Klebsiella pneumoniae 60 (40.5)
Acinetobacter baumannii 44 (29.7)
Candida spp. 18(12.2)
Escherichia coli 8 (5.4)
Pseudomonas aeruginosa 6 (4.1)
Serratia marcescens 5(3.4)
Coagulase-negative Staphylococcus 4(2.7)
Enterobacter spp. 3(2.0)

Table 3. Antimicrobial susceptibility patterns of Gram negative bacteria

Of 148 blood cultures, 126 (85%) isolates were Gram negative
bacteria (GNB), 18 (12.2%) isolates were Candida, and only 4
(2.7%) isolates were Gram positive bacteria (GPB). The microor-
ganisms that were identified from the blood cultures are shown
in Table 2.

Meropenem and amikacin resistance for Klebsiella pneumoni-
ae were found in 30% and 22.2% of the cultures, respectively.
K. pneumoniae was found to be highly resistant to ampicillin,
piperacillin, and third-generation cephalosporins. ESBL produc-
tion of K. Pneumoniae was found as 37.2%. The majority of
Acinetobacter baumannii isolates (93.2%) were MDR. Antibiotic
resistance of GNB is shown in Table 3. CNS were found to be
sensitive to vancomycin. Because of technical limitations, sus-
ceptibility tests were not performed for Candida isolates. An
outbreak of A. baumannii was identifed in the second half of
2012. Despite all the measures taken, elimination of A. Bau-
mannii required six months, probably due to the fact that the
unit is large and crowded.

Of 142 neonates, 44 (31%) died. The SAM rate was 17.6%. The
SAM rate was marginally nondifferent among cases with birth
weight < 1500 g compared to those higher (21.9% vs. 10.6%,
p =0.052). But, the SAM rate was higher in cases infected with
MDR strains (n=58) than in cases infected without MDR strains
or Candida spp (24% vs. 9.7%, p=0.032).

Discussion

As in most previous reports, BSI was the most commonly ob-
served form of nosocomial infection [4-8,13]. In other national
studies, the incidence of nosocomial sepsis ranges from 2.1%
to 17% [8-10]. In this study, sepsis frequency was 5.9%, and
BSI occurred at a rate of 3.28 case episode per 1000 hospi-
tal days. However, the frequency of sepsis with positive hemo-
culture was lower (3.5%). It is reported that at least 25% of
clinically diagnosed septic episodes are culture-negative [14].
This may be due to many factors such as concurrent use of
antibiotics and suboptimal sample volumes [6]. Our findings did
not include overall nosocomial infections. Most cases of BSls in
the NICU are associated with indwelling central vascular cath-
eters [4,6,10,13]. In some studies, nosocomial infection was ob-
served 2-3 fold more frequently when catheterization was used
[7,10,15]. In our NICU, catheterization is usually not used except
in very low birth weight infants, and this may be a reason for the
low incidence observed in sepsis. The median onset of infection
from day of admission was 23 days, which is comparable with

Gram negative bacteria (nt/n¥) (%)

Antimicrobial

K. pneumoniae A. baumannii E. coli P. aeruginosa S. marcescens Enterobacter
Ampicillin 58/60 (%96.7) 42/43 (%97.8) 6/6 (%100) 4/4 (%100) 1/1 (%100) 3/3 (%100)
Piperacillin 20/31 (%64.5) 4/6 (%66.7) 2/5(%40.0) 2/5 (%40.0) 0/5 (%0.0) 0/2 (%0.0)
Amikacin 8/36 (%22.2) 39/40 (%97.5) 0/6 (%0.0) 1/2 (%50.0) 0/2 (%0.0) 0/1 (%0.0)
Gentamicin 24/57 (%42.1) 38/44 (%86.4) 4/7 (%57.1) 1/6 (%16.7) 0/3 (%0.0) 0/3 (%0.0)
Ceftriaxone 39/55 (%70.9) 41/42 (%97.6) 6/6 (%100) 1/1 (%100) 1/5 (%20.0) 1/3 (%33.3)
Ceftazidime 36/47 (%76.6) 42/44 (%95.5) 5/7 (%71.4) 3/6 (%50.0) 1/5 (%20.0) 0/2 (%0.0)
Ciprofloxacin 1/26 (%3.8) 37/38 (%97.4) 1/3 (%33.3) 0/2 (%0.0) 0/1 (%0.0) -
Colistin 5/16 (%31.3) 1/39 (%2.7) 0/2 (%0.0) 1/2 (%50.0) 2/2 (%100) 0/1 (%0.0)
Imipenem 12/40 (%30.0) 40/43 (%93.0) 0/6 (%0.0) 3/5 (%60.0) 0/4 (%0.0) 0/1 (%0.0)

t No of isolates resistant, ¥ No of isolates tested
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other studies [16,17]. It is well known that in addition to gesta-
tion age, prolonged hospital stay with a number of therapeutic
interventions is associated with nosocomial infection.

In developed countries GPB is the most common cause of nos-
ocomial sepsis in the NICU [18]. However, nosocomial sepsis
caused by GNB is more frequent in developing countries [4,6].
Some authors have reported that K. pneumoniae account for
most infections in developing countries [4,6]. In technologi-
cally advanced NICUs, following the adoption of tertiary neo-
natal care with a high rate of invasive device use, CNS stands
out as the main agent of neonatal nosocomial sepsis [7,18].
In national studies, some authors [9-11,15] have reported that
the most commonly isolated pathogen from blood cultures
of neonates diagnosed with nosocomial sepsis was CNS, fol-
lowed by K. pneumoniae, whereas others [19,20] have reported
K. pneumoniae as the most common pathogen. In our study,
K.pneumoniae and A. Baumannii were responsible for 40.5%
and 29.7% of nosocomial sepsis, respectively. The high rate of
A. Baumannii was due to an outbreak that occurred during the
study period. It is a ubiquitous microorganism implicated in a
number of outbreaks in NICUs [21,22].

Gram negative bacteria have a high degree of resistance to
commonly used antibiotics [22-24]. This is not just a problem
for developing countries [21,22], but also is a growing threat
in developed countries [24]. Couto et al. [4] reported a high re-
sistance of K. pneumoniae to third-generation cephalosporins
(64.1%), whereas Bolat et al. [10] reported lower rates (18.7%-
37.5%) from Turkey. Shehab EI-Din et al. [23] reported that GNB
including K. pneumoniae, Serratia marcescens, and A. bauman-
nii have a higher resistance to third-generation cephalosporins
(>85%), amikacin (68.5%), imipenem (29.6%) and ciprofloxacin
(38.9%). In a study conducted by Mutlu et al. [11] from Turkey,
it was reported that GNB were highly resistant to third-gener-
ation cephalosporins (31.5%-37.8%) but had low resistance to
amikacin (5.2%) and meropenem (2.9%). In our study, 20% of K.
Pneumoniae isolates was MDR. The majority of Acinetobacter
isolates were resistant to all antimicrobial agents (>90%) ex-
cept for colistin (2.7%). Tsai et al. [12] reported that bacteremia
caused by MDR GNB accounted for nearly one-fifth of all epi-
sodes of GNB bacteremia.

Like distribution of etiological pathogens, their antimicrobial
susceptibilities were also different from other studies reported
in our country. These differences may be related to heavily con-
taminated environmental sources, high rates of cross-trans-
mission [2], overcrowding, understaffing, inappropriate or insuf-
ficient clinical practices (e.g. absence of permanent intensive
care physicians like neonatologists), or the later adoption of
appropriate and sophisticated tertiary neonatal care practices
[7] in our region, which is the least developed region of Turkey
[25]. However, the SAM rate in the present study (17.6%) is in
accordance with the national average [8,9,11].

According to the findings outlined above, the empirical antibi-
otic treatment administered may not always be effective for
all microorganisms. Therefore, blood cultures and their results
should be obtained at an early time and appropriate antibiotics
applied. Because outbreaks are often caused by MDR organ-
isms, complete identification and susceptibilities need to be
available as soon as possible. It should be noted that additional

infection control measures and antimicrobial stewardship pro-
grams providing instructions urgently need to be developed for
our NICU.

There are some limitations of our study. Although our data
came from one of the largest NICU centers in the region, the
small study size was unable to detect a difference in outcomes
and potential risk factors. Molecular epidemiologic analysis of
MDR microorganism types could not be performed due to fa-
cilities limitations. Given the retrospective nature of this study,
data collection may not have included some needed variables,
and consequently this may have led to the difficulty in evaluat-
ing temporal relationships between events. Finally, the fact that
the data was from a single NICU center limits its representa-
tiveness for other geographical areas or institutions.

In conclusion, GNB, especially K. Pneumoniae, were the leading
causative agents of nosocomial sepsis in our NICU, and they
were resistant to commonly used antibiotics. In view of our find-
ings, it seems mandatory to begin empirical broad-spectrum
antibiotics in a neonate suspected with nosocomial sepsis. In
response to blood culture results obtained as soon as possible,
appropriate and adequate antibiotics should be applied. In the
meantime, the strict application of infection control measures,
antibiotic stewardship, decreased antibiotic overconsumption,
and avoidance of antibiotic under-dosing are valuable in de-
creasing the resistance rates of MDR GNB.
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